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Introduction
Nano-scale materials can show unique optical, electronic and catalytic properties compared with those bulk materials due to their small size effect and surface effect.
Recently, magnetic spinel ferrites nanomaterials have received increasing interest due to their important applications, especially in energy, catalysis and biomedicine [1, 2] .
The synthesis and physicochemical properties of ferrite nanomaterials have been made great progress. Ferrite nanostructures with tunable sizes and morphologies including nanocrystals [3, 4] , hollow spheres [5] , nanorods/nanowires [6] and nanotubes [7] have been successfully synthesized by using various synthetic techniques, such as hydrothermal/solvothermal method [8] , thermolysis [9] , template [10] , sol-gel technique [11] , coprecipitation [12] and electrochemical synthesis [13] , etc. For example, size-tunable manganese ferrite nanocrystals can be synthesized controllably by solution phase strategies through adjusting the nature of the solvents [14] [15] [16] . MnZn ferrite nanocubes with a core-shell structure have been prepared with the assistance of mixed surfactants via a reflux method in benzyl ether systems [17] .
It is well-accepted that magnetic nanocrystals with the size larger than a critical size (usually ~20 nm) show ferromagnetic behaviour [5, 18] . Recently, submicrometer superparamagnetic colloidal nanocrystal clusters (CNCs) of ferrites have been synthesized based on the solvothermal method through tuning the synthetic microenvironments [5, 18, 19] . The superparamagnetic nature of ferrite CNCs could be ascribed to the highly-preferred orientations of the primary nanocrystals, which attributed to their excellent photocatalytic or electrocatalytic properties. MnFe 2 O 4 , as
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A c c e p t e d M a n u s c r i p t 4 a kind of spinel ferrite materials, is face-centered and cubic lattice structure. The ions of transition metal Mn and Fe which were distributed in the tetrahedral and octahedral gap, have the same intensity of ionic bonds with oxygen ion [12] . The energy storage properties of ferrites nanomaterials should be expected due to their unique composite nature and tunable-structural features.
As one type of the best energy storage devices, supercapacitor (namely electrochemical capacitor) has attracted great interest in recent years due to their excellent properties [20, 21] . Compared with batteries, supercapacitors have the greater potential for providing good cyclability and high power density [22] [23] [24] .
Supercapacitors mainly composed of four parts: electrode material, collector, separator and electrolyte. The synthesis of advanced electrode materials is the key issue in the development of supercapacitors. The first discovered electrode material for pseudocapacitor (one type of the supercapacitor, the other is the electric double layer capacitor) is RuO 2 [25] . Successive multielectron transfer at Ru ions, from Ru +4 to Ru +3 , then to Ru +2 , lead to the capacitor behaviour [26] . For the further development of affordable electrode materials, various oxide materials were investigated, such as cobalt oxide [27] , nickel oxide [28] and manganese oxide [29] .
Recently, ferrites have been found to exhibit good electrochemical performances either in organic Li-ion electrolyte [30] or in aqueous electrolytes [26] . In our previous reports, the effect of surfactants added into the electrolytes has been studied based on the MnFe 2 O 4 CNCs-based supercapacitor with aqueous LiNO 3 electrolytes
[31]. However, the electrocapacitive performances of ferrite-based electrodes still 
Synthesis of MnFe 2 O 4 and Characterization
Hydrothermal method was being applied to synthesize MnFe 2 O 4 CNCs. Details were described in our literature [5] . Transmission electron microscopy (TEM) images were recorded by a JEM-2000EX transmission electron microscope operated at 160 kV [5] .
Electrochemical measurements
The electrodes were composed of 5 wt.% PTFE, 15 wt.% acetylene carbon black and 80 wt.% active materials. All the materials need to mix uniformity and was pressed onto a nickel foam substrate (1 cm 2 ) at 1.0 MPa, followed by drying in a vacuum oven at 110 ºC for 12 h. Each electrode was about 5 mg. Two electrodes were isolated by a porous membrane based on aqueous KOH (NaOH, LiOH or Na 2 SO 4 )
electrolyte, thus form a two-electrode cell. CV, GCD, EIS and cycle stability measurements were performed by a CHI760E electrochemical workstation (CH Instrument, USA). All measurements were conducted at room temperature. Clearly, the CV curves in Fig. 3A show a rectangular-like shape at 5 mV s -1 in the whole potential range due to a low contact resistance of the ion migration, indicating the excellent electrocapacitive features. However, the shape of the CV curves recorded at 100 mV s -1 was slightly tilted, as shown in Fig. 3B . This indicated that the contact resistance made the delay of the current to reach a horizontal value easy at a large scan rate, leading to a narrower loop with irregular shape [32, 33] . It can be concluded from Fig. 3 that supercapacitors with the KOH electrolyte showed the largest capacitance and the capacitance of the cell containing NaOH and LiOH were larger than that using Na 2 SO 4 . CNCs-based supercapacitors in aqueous electrolytes at the current densities of 0.5 A g -1 (A) and 2 A g -1 (B). All the supercapacitors showed symmetric charge-discharge curves with a small value of IR drop at the current density of 0.5 A g -1 (Fig. 5A), indicating the small resistance in these devices [36] . However, the IR drop increases obviously with the current density up to 2 A g -1 (Fig. 5B ) and then these GCD curves are somewhat asymmetric compared with those in Fig. 5A . According to the equation C sp =4I∆t/(m∆E) the specific capacitance (C sp ) can be calculated [37, 38] . Where I (A), with the same concentration, the maximum specific capacitance is obtained when using the KOH electrolyte, NaOH, LiOH and LiNO 3 followed and Na 2 SO 4 is minimal.
Results and discussions
Generally, for ions with the same charge, the smaller the radius is, the stronger polarization is in a polar solvent, leading to the stronger ionic solvation. Thereafter, the more the ions will attract the surrounding solvent molecules, thus the greater the Electrochemical impedance spectroscopy (EIS) is a powerful tool to assess the frequency behavior and equivalent series resistance (ESR) of a supercapacitor [32] . In order to learn more about these electrodes with superior power performances, the kinetic feature of the ion diffusion in the film electrodes was investigated with a controlled manner [21] . In the present study a range of frequency from 1000 kHz to 0.01 Hz was recorded to measure the EIS spectra [42] . Fig. 7 shows the Nyquist plot of the supercapacitors with the electrolytes (2 M) containing KOH, NaOH, LiOH and Na 2 SO 4 [43, 44] . It can be seen from the figures that the cell showed a high frequency semicircle and a low frequency sloping line [37] . The high frequency semicircle was closely associated with the interfacial electron transfer resistance and implied that the supercapacitors had a blocking behavior [44, 45] . The greater the slope of the low frequency line, the closer to the ideal supercapacitor, which means electrocapacitive behaviour [38, 44] . In the equivalent circuit, R s , known as the equivalent series resistance (ESR), refers to the electrolyte resistance, which was in accordance with the resistance of the most of the electrolyte solution and estimated from the real axis intercept at high frequency; C DL reprents the electron migration resistance in the electrode; R ct corresponds to the electron transfer resistance on the interface between Page 12 of 32 A c c e p t e d M a n u s c r i p t 12 the electrode and the electrolyte; C P corresponds to the steep line [31] . As shown in Figure 7 , the magnitude of ESR of KOH is lower than that of NaOH, LiOH or Na 2 SO 4 , which is mainly caused by small hydrated ionic radii of K + ions. So, the supercapacitor assembled by aqueous KOH (2 M) electrolyte displayed the best electrochemical performance.
A simple illustration of the ions (K + , Na [46, 47] . These should be responsible for the variation of electrocapacitive features with the electrolytes for these supercapacitors.
For supercapacitor, good cycle stability is very important for its practical applications [42] . 
Conclusions
The 
